Background: Autoradiography of tissue with radioactive substance such as Thorotrast by Fuji Computed Radiography (FCR) has been available. We obtained autoradiographs from Thorotrast-deposited tissue by FCR. However, the nature of radiation from tissue with Thorotrast was not certain, because alpha particles are shielded by the plastic front of the FCR cassette. Therefore, we undertook investigation to clearly explain the nature of radiation from Thorotrast in case of autoradiography.
IMAGING OF BETA-RAYS FROM TISSUE BLOCKS WITH THOROTRAST DEPOSITION BY AUTORADIOGRAPHY USING FUJI COMPUTED RADIOGRAPHY INTRODUCTION
It is well known that the autoradiography of the tissue slice with Thorotrast showed the activity of alpha particles (alpha tracks). Most reports were focused on the alpha tracks from Thorotrast and to the best of our knowledge no paper commented details of the radiation from beta-rays from the tissue in case of autoradiography with Fuji Computed Radiography (FCR). It is also well known that some of the daughter nuclei from Thorium emit beta-rays and gamma-rays, as seen in the decay chart.
We revealed beta-rays from paraffin wax embedded tissue with Thorotrast deposition, by autoradiography using Fuji Computed Radiography (FCR) and by counting the radioactivity of the block of spleen, in an autopsy case. We counted radioactivity from the Thorotrast-deposited tissue using a GM survey meter. We confirmed the radiation to be mostly from beta-rays and some were from gamma-rays.
The purpose of this communication is to report that we confirmed that images of the paraffin wax embedded tissue blocks with Thorotrast deposition on the autoradiograph was due to the mixture of beta-rays and gamma-rays.
MATERIALS AND METHODS
A patient received angiography with Thorotrast 49 years before his hospitalization while he had been drafted into and on duty in the old army. Plain films of the abdomen and Computed Tomography (CT) on admission revealed deposition of Thorotrast in the liver and spleen, and also a hepatic tumor. The patient expired soon after his admission, and autopsy was carried out after his family's approval was obtained.
Pathological diagnosis was Thorotrast deposition in the liver and spleen and angiosarcoma of the liver. The paraffin wax embedded tissue blocks of the liver and spleen have been kept in the Department of Pathology. Those blocks, which were made 29 years ago, are the basis of these experiments.
Imaging Plate.
Imaging Plate (IP) of Fuji Computed Radiography (FCR) was used to detect and radiograph radiation from paraffin wax embedded tissue blocks with known Thorotrast deposition.
The paraffin wax blocks of the liver and spleen, which were contained in small translucent plastic bags, were placed on the IP cassette of FCR for certain days and the imaging plates were processed to image. Initially the tissues of the liver were placed on the cassette for 14 days to check the images (Fig. 1C) . Then the tissues of the liver and spleen were placed on the cassette for one day (24 hours), because the necessary exposure time seemed to be much less than the initial trial time (Fig.  2B ).
The parameters of FCR were selected to gain high sensitivity in the head region (G1. OG#0. 53MBTO. 5AJO. 3, Head AP, L1. GS1028C*1.0*1.0 AP). The used processing unit of FCR is FCR Speedia CS Plus, and its resolution is 100 μm. The sizes of autoradiographs of liver and spleen with Thorotrast deposition were compared with those of tissues of the liver and spleen in the paraffin wax (Fig.  3A,3B ).
The paraffin wax specimens.
The radioactivity of the paraffin wax embedded specimens (blocks) of the liver and spleen was measured for β-rays by a Geiger-Müller Survey Meter (Aloka GM Survey Meter TGS-136).
We used enough time to finish each measurement by a Geiger-Müller Suvey Meter (GMSM), considering Cl source. The measurement by GM counter was carried out within one year after the certificate of calibration was obtained from a qualified center (Kashiwa Measuring Center, Hitachi Aloka Medical, Ltd.)
Initially the paraffin wax blocks of the liver and spleen in translucent plastic bags were measured by the surface of GM Survey Meter in contact to the blocks (Fig. 1A) . Then, the block of spleen was measured with the GMSM without and with an Aluminum plate, 1 mm in thickness, inserted between the block and the surface of the GMSM (Fig. 4) . 
RESULTS
1. The autoradiography of the paraffin wax embedded blocks of the liver by FCR was successful to document radiation after 2-weeks' exposure. It showed clearly the partial shapes of the tissues, reflecting radioactivity (Fig. 1 B) .
Radiation from the spleen tissue in the paraffin wax was also imaged by the IP of FCR after one day's exposure, and it clearly showed autoradiograph ( Fig. 2A,  3A) . The spleen showed more radioactivity than the liver. Exact comparison of the sizes of autoradiographs of radioactivity with those of actual tissues was difficult, because the tissues are not exactly rectangular nor square. However, we tried to measure the sizes of these images. The tissues of the liver (1),(2) and spleen measure roughly 15mm x 19mm, 15mm x 22mm and 9mm x 20mm respectively.
The images of autoradiographs of the liver (1), (2) and spleen measure 16mm x 16mm, 18mm x 22mm and 18mm x28mm respectively (Fig. 3) .It is apparent that the sizes of liver and their autoradiographs corresponded fairly well, because the radioactivity was not so high, whereas the autoradiograph of the spleen much exceeded the actual size of the tissue, because the radioactivity was very high.
The radioactivity of the paraffin wax tissue blocks with Thorotrast deposition:
There are two blocks of the liver and one block of spleen. The surface of a GM survey meter was placed on the surface of the specimen blocks contained in the plastic bags as illustrated in Fig. 1A . The results are shown in the Table 1 .
The degree of deposition of Thorotrast varied in portion to portion in the liver. The radioactivity counts differed between liver(1) and liver (2) . The spleen showed much higher count of radioactivity when compared with that of liver.
In order to ascertain the source of radiation of the block of spleen with Thorotrast deposition, an Aluminum plate, 1 mm in thickness, was placed between the block The aluminum plate significantly decreased the measuring count of radioactivity, but some count remained, suggesting some influence of gamma-rays. Alpha-ray is shielded by the plastic bag and the front of cassette of IP plate from the beginning. Therefore, it is assumed that the most of radiation from the block with Thorotrast was from beta-rays in the case of autoradiography by FCR. (Table 2 ).
There was effect of Aluminum plate, 1 mm in thickness, placed on the spleen block, to decrease the count of GM Survey Meter, confirming the beta-rays as the most contributing source of radiation. 3.14% of the radioactivity remained after shielding the beta-rays by inserting the Aluminum plate.
DISCUSSION
Miyahara described that FCR system was very sensitive at autoradiography, and it is several ten times to several hundred times more sensitive to conventional autoradiograph, decreasing the exposure time 1. To the best of our knowledge, there has been no clear comment or analysis about beta-rays from the Thorotrast-deposited tissue, although autoradiography of Thorotrast deposited tissue by FCR was reported 2.
Kimura
2 also reported that Thorotrast was unevenly distributed in the liver, and spleen showed much more deposition of Thorotast. The result of heavier deposition of Thorotrast in the spleen when compared with the deposition in the liver was also recognized by us.
We revealed radiation from Thorotrast-deposited and the GMSM, and the radioactivity was measured (Fig.  4 ).
An Aluminum plate, 1 mm in thickness, was inserted between the tissue block of spleen and the surface of a GM survey meter. This arrangement was expected to shield beta-rays.
tissue at autoradiography in a shorter time than the conventional autoradiography with film 3, 4, 5, 6 . According to Kakei and his associates 3 it took about two months to obtain the alpha tracks from Thorotrast on the film. On the other hand, Hirakawa and his associates 4 reported that they proved alpha tracks by autoradiography in 10 days by their technique. In our case it took 1 to 14 days to image the radiation from Thorotrast depending on the degree of deposition.
It is interesting to find radiation from paraffin wax blocks of tissues with Thorotrast 29 years after the paraffin wax blocks were made. Altogether, this phenomenon was noted 78 years after the first introduction of Thorotrast into the body of the patient. This will prove that Thorium dioxide included in Thorotrast continued to be radioactive for a long time, because the physical half life of Thorium is 1.39 x 10 10 years 7 .
Regarding the kinds of radiation, we experimented to shield beta-rays by inserting an Aluminum plate, 1mm in thickness, between the spleen tissue block and a GM Survey Meter. In the case of spleen block, the radioactivity count decreased to near the value of background count when the Aluminum plate was inserted, but it did not decrease completely to the value of the background ( Table 2 ). This is assumed that most sources of the radiation are from beta-rays, but some radiation is from the gamma-rays, because some of the daughter nuclei of Thorium also emit gamma-rays as seen in the decay chart of Thorium.
We had confirmed that the tissue of the liver contained alpha-ray activity by autoradiography by the courtesy of Dr. Kido, but the images of alpha tracks were omitted in this paper. The activity of alpha particles from Thorotrast was well documented 3, 4, 5, 6 .
CONCLUSION
Autoradiography of Paraffin wax embedded blocks of Thorotrast-deposited liver and spleen was reported, using Imaging Plate of FCR system. It needed far less time of exposure to radiograph radiation from tissues with Thorotrast with FCR than the necessary time by conventional autoradiography. The source of radiation from the tissue blocks with Thorotrast at autoradiography by FCR was estimated to be mostly from β-rays, but less than 5 % are from gamma-rays.
